Current Mode Interfacing Circuit for Flow Sensing Based on Hot-Wire Anemometers Technique  by Pappas, I. et al.
Procedia Engineering 25 (2011) 1601 – 1604
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.396
Available online at www.sciencedirect.com
Proc. Eurosensors XXV, September 4-7, 2011, Athens, Greece 
Current Mode Interfacing Circuit for Flow Sensing Based on 
Hot-Wire Anemometers Technique 
I.Pappasa, Th. Laopoulosa, S. Vlassisb and S.Siskos*,a 
aElectronics Lab, Physics Dept., Aristotle University of Thesaloniki, 54124 Thessaloniki, Greece 
bPhysics Department, University of Patra, Patra, Greece 
 
Abstract 
A novel current-mode signal conditioning circuit topology for thermal flow sensors using the hot-wire anemometer 
technique is proposed. A second-generation current conveyor is used to implement a highly linear output-voltage 
versus resistance-variation converter due to the gas flow. After exploring the capabilities of a simple constant-current 
version, a current-feedback constant temperature version with linear behavior is also indroduced. The circuit 
configuration is simpler than its voltage-mode counterpart based on a Wheatstone bridge topology with op-amps and 
features higher performance in terms of circuit size, simplicity, linearity, and overall power consumption 
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1. Introduction 
Hot-wire or hot film anemometer is a transducer that senses the changes in the heat transfer from a 
small, electrically heated resistive sensor exposed to fluid motion. Common implementations of a hot-
wire anemometer circuit use Wheatstone bridges with op-amps [1]-[3].  
 
Current mode interfacing circuits based on the well known second generation current conveyor (CCII) 
implementing the hot-wire anemometer principle are (to the best of our knowledge) for the first time 
presented in this work. A CCII performs two follower operations: a voltage follower between the high 
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impedance Y input and the low impedance X input (VX = VY) and a current follower between the input 
current  IX and the output current IZ (IX = IZ) [4]. 
2. Current Mode Anemometers Description 
2.1. Linear Constant Current Anemometer 
The constant current anemometer is shown in fig. 1. The anemometer consists of a CCII, two bias 
currents, the sensor resistance presenting a variation ǻR due to the fluid flow and an another resistance 
with a 100 times larger value than the sensor resistance which is not exposed to the fluid flow meaning 
that its value is kept constant. The sensor resistance is connected to the high impedance input of the CCII 
while the constant resistance is connected to the low impedance input. Furthermore, the bias current of 
the sensor resistance is 100 times larger than the bias current of the constant resistance. 
 
Fig. 1. Linear constant current anemometer topology. 
 
The fluid velocity which is proportional to the ǻR variations will be measured with the use of the CCII 
output current, Iz. The relation that describes the functionality of the proposed anemometer is 
VY = VX 
Ibias1(R-ǻR) = (Ibias2 - Ix)100R 
 
By replacing the values of the bias currents (Ibias2 = Ibias1/100) and considering that Ix = Iz = Iout, the 
output current will be equal to 
ܫ௢௨௧ ൌ
௱ோ
ோ
ܫ௕௜௔௦ଵ                                                                  (1) 
 
As it can be seen from eq. (2), the output current is a linear function of the ǻR variations caused by the 
fluid velocity. 
2.2. Constant Temperature Anemometer 
For the constant temperature anemometer, a feedback is needed in order to compensate for the 
resistance variations maintaining the temperature constant. The proposed constant temperature current 
mode anemometer is shown in fig. 2. 
The proposed topology consists of a CCII, two bias currents, a sensor resistance R with ǻR variation 
caused by the fluid flow and a second resistance R2 which is not exposed to the fluid flow. The sensor 
resistance is connected to the high impedance input of CCII while the constant resistance is connected to  
1603I.Pappas et al. / Procedia Engineering 25 (2011) 1601 – 1604
 
Fig. 2. Proposed constant temperature current anemometer. 
 
the low impedance input. Furthermore, the output current is fed back to the sensor resistance. As it was 
mentioned in the previous paragraph, the relation that describes the functionality of the proposed 
anemometer is 
VX = VY 
(Iz + Ibias1)(R-ǻR) = (Ibias2 - Ix)R2 
If the two bias currents are selected to be equal (Ibias1 = Ibias2), the constant resistance equal to the 
sensor resistance (R2 = R) and by considering Ix = Iz = Iout, the output current will be equal to 
 
ܫ௢௨௧ ൌ
௱ோ
ଶோି௱ோ
ܫ௕௜௔௦                                                               (2) 
 
As it can be seen from eq. (2), the output current is not a linear function of the ǻR variation. This can 
lead to difficulties in measuring the fluid velocity by monitoring the output current. The topology is 
modified in order to achieve better linearity by increasing the constant resistance by 100 times and 
reducing the current drawn from this resistance by 100 times, i.e. R2 = 100R and Ibias1 = 100Ibias2. By 
applying the same calculations, the output current will be equal to 
ܫ௢௨௧ ൌ
௱ோ
ଵ଴ଵோି௱ோ
ܫ௕௜௔௦ଵ                                                            (3) 
 
By assuming that 101R » ǻR, the output current is a linear function of the ǻR variations. In this way 
the measurement of the fluid velocity is simplified. Furthermore, the power consumption of the topology 
will be reduced due to smaller output current. 
3. Simulation Results 
All topologies have been designed by using a standard 0.18um CMOS technology. The supply voltage 
is 1.8 V. In both cases, the ǻR variation was selected to be 1 ȍ. In the linear constant current anemometer 
the sensor resistance is equal to 100 ȍ and the bias current 0.5 mA. For the constant temperature 
anemometer, the sensor resistance is equal to 50 ȍ and the bias current 3 mA.  
Figure 3 shows the response of the proposed linear constant current anemometer. The least square 
theory was applying in order to verify the linearity of the output current. Furthermore, the deviation 
between the simulated response of the proposed constant current anemometer and the theoretical response 
derived from eq. (1) is shown in fig. 3. The deviation was less than ± 0.3 %. 
Figure 4 (a) shows the response of the proposed constant temperature anemometer, while 4 (b) the 
response of the modified constant temperature anemometer. Moreover, the least square theory 
demonstrates the improvement of the linearity accomplished with the modification of the proposed circuit 
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The error (deviation) in the first topology is + 6% to -9%, while for the modified topology the error is 
reduced to +0.3% to -0.1% 
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Fig. 3. Response of the proposed constant current anemometer. 
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 Fig. 4. Response of (a) proposed constant temperature anemometer and (b) of the modified linear constant temperature 
anemometer. 
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